show that in the basolateral amygdala (BLA), fear and reward are encoded by phasic activation of distinct populations of neurons, while anxiety results in persistent activity changes. This study raises questions about how sensory inputs are encoded in the basal amygdala.
Fear is an evolutionarily conserved survival response triggered by imminent threats that evokes rapid defensive responses of immobility, attack, or escape, accompanied by hormonal and autonomic changes in preparation for the behavioral response. In humans, there may also be accompanying feelings of dread and/or despair. These behavioral changes are rapidly engaged and abate once the threat has ended. By contrast, anxiety is a long-lasting response that is triggered in anticipation of imagined or unpredictable threats (Davis et al., 2010) . In humans, it describes a range of disorders such as generalized anxiety disorder, panic disorder, PTSD, and social affective disorder.
Fear has long been studied in humans and animals using associative learning paradigms (Maren and Quirk, 2004) in which a neutral stimulus (the conditioned stimulus, CS) is contingently paired with either an aversive stimulus, typically a footshock, or an appetitive one, such as a food reward (the unconditioned stimulus, US). Following a small number of pairings, the CS acquires the ability to evoke a conditioned response (CR) that in the case of an aversive US is defensive or in the case of appetitive learning evokes reward seeking. That is, the CS is imbued with an emotional valence that triggers appropriate behavioral outcomes. A large body of literature has established that associative learning requires the amygdala, where CS-US conjunction occurs (Sah et al., 2003) . Single-unit studies in the basolateral amygdala (BLA) have shown that associative learning involves experience-dependent plasticity in the BLA as a result of which neurons in the amygdala develop potentiated responses to the CS that predict and drive the aversive or appetitive response (Janak and Tye, 2015; Tovote et al., 2015) . These responses are apparent in both the lateral (LA) and basal amygdala (BL), and projections from these areas to downstream targets drive the behavioral response. Neurons that reduce their response to the CS have also been described; however, how these cells contribute to the behavioral response is not clear.
There are many similarities in the behavioral response to fear and anxiety. Imaging studies have also shown engagement of the amygdala in anxiety disorders, and behavioral studies confirm the involvement of the BL in anxiety-like traits in rodents (Delgado et al., 2006) . Thus, inactivation of the amygdala can block anxiogenic responses, and optogenetic stimulation of BL projections to the ventral hippocampus can evoke anxiety-like states (Janak and Tye, 2015) . To summarize, following associative learning, neurons in the BLA acquire enhanced responses to aversive or appetitive stimuli that are thought to encode this learning. The same structure, the BLA, has also been implicated in the genesis, and perhaps maintenance, of anxiety-like behaviors (Tovote et al., 2015) . Inactivating the BLA disrupts aversive and appetitive responses as well as anxiety behaviors, suggesting that BLA activity has a role in driving these distinct behavioral responses. What, then, is the relationship between neuron populations that mediate these very distinct responses? The study in this issue of Neuron (Lee et al., 2017) set out to address this question.
The study uses a mixed aversive/appetitive behavioral paradigm in which rats were presented with three different CSs in two distinct settings. In one setting (context A), an auditory CS (CS-R) was paired with a reward, while a second CS (CS-N) acts as a neutral safety signal being explicitly unpaired. Following a small number of pairings, animals are moved to a different setting (context B), where a third auditory CS (CS-S) is paired with an aversive footshock. As a result, animals learn that context A is a safe environment while context B is dangerous. On test day, animals were returned to the safe environment, and when tested with CS-R and CS-N, animals seek rewards in response to the CS-R, while not responding to the CS-N. Following a number of presentations, the same animals are presented with the aversive stimulus (CS-S). In this previously ''safe'' environment, animals freeze in response to the dangerous CS-S. However, surprisingly, they continue to freeze following termination of the CS-S for long periods of time, displaying a sustained anxiety-like state.
Using bilaterally implanted silicon probes, single-unit recordings were also made in the same animals to assess the response of BA neurons to the three CSs. As shown previously (Maren and Quirk, 2004) , they find that a small number of neurons increase their activity in response to the CS-S and CS-R. These are distinct populations, with almost no overlap, and neurons activated by one CS were either unresponsive or more likely to be inhibited by the other. Both pyramidal neurons and interneurons were present in the population driven by the CS. As the CS-S evokes a defensive response (freezing) while the CS-R evokes reward seeking (exploration), the separation in activation and inhibition of activity by the opposite CS are consistent with the proposal that this activity drives the evoked behaviors, and suggests that these populations of neuron may be hardwired. Surprisingly, a large number of neurons (60%) show a reduction in neural activity in response to the CS-S and CS-R, and these populations show a similar response to both CSs, suggesting that the reduction in activity is shared between appetitive and aversive CSs. A reduction in activity in the BLA by the conditioned aversive CS has also recently been reported using calcium imaging (Grewe et al., 2017) . Thus, it appears that the dominant response to the learned CS is inhibition of activity. These neurons are largely glutamatergic projection neurons (Sah et al., 2003) , but some interneurons were also inhibited. Clearly, the relationship between this inhibition and behavior is not clear, and raises the question of how BLA activity encodes a learned CS.
Presentation of the CS-S in the safe context evoked bouts of sustained freezing, the hallmark of an anxiety state (Lang et al., 2000) , and also led to changes in the resting activity of a small number of neurons. They show that the changed activity in these ''state cells'' tracked, and predicted the sustained bouts of freezing. This strong correlation between neural activity and behavior suggests that these neurons mediate the anxiogenic response. This result suggests that anxiety disorders may be accompanied by a change in the resting activity of neurons in the BL and is consistent with the fMRI changes reported in anxiety.
This study raises a number of questions regarding how activity in the BLA relates to particular behavioral outcomes. In associative learning, studies to date have described increases in evoked activity in response to a learned CS, and this is reproduced for both aversive and appetitive CSs in the current study. This finding aligns with the view that activity in the BLA encodes learned associations, and drives particular behavioral states in response to the CS. In the current study, the surprise is that many more neurons are inhibited by learned CSs, as compared to those that are excited, challenging the issue of how learned CSs are encoded in the BLA.
Associative learning endows the CS paired with the US with a particular valence, and presentation of the CS then evokes an appropriate behavioral response. Fear and anxiety evoke similar physiological responses, and one prevailing finding has been that anxiety leads to generalization of the CS such that stimuli not paired with the US also evoke fear responses (Dunsmoor and Paz, 2015) . This finding provides one explanation for the fear response in anxiety disorders and has been widely replicated. However, it does not easily explain the persistent nature of the anxious state. The findings of the current study fill this gap, suggesting that in the anxiety state, activity of some neurons in the BL is sustained, and this activity is predictive of the anxiogenic state of animals, providing the first description of a possible neural substrate for a psychiatric condition.
Anxiety disorders affect nearly 30% of the population at some point in their lives, and current estimates indicate that these disorders account for a large fraction of the burden of disease in most first world countries. The management of these disorders remains cognitive behavioral therapy coupled with pharmacological treatment using a combination of benzodiazepines and monoamine uptake blockers, such as SSRIs. As with most psychiatric disorders, treatment of the underlying disorder is not currently feasible, as the underlying pathology is not well understood. In the current study, the sustained changes in BL activity were predictive of the sustained bouts of freezing. An unexplored issue was how such a change in activity is initiated and maintained. This sustained activity was seen in both glutamatergic principal neurons as well as interneurons, suggesting it may be mediated by changes in the excitation/inhibition balance. A first line of therapy for most cases of anxiety is benzodiazepines, compounds that act at GABA(A) receptors. Inhibition is potent in the amygdala, raising the possibility that compounds targeted at receptors involved at these synapses in the BL may be more specific anxiolytics. The search for therapeutic intervention in large part depends on good animal models. The long-term hope is that studies such as the current one will underpin the development of rationally targeted therapies for these disorders.
